It is known that the active oxygen species could promote atherosclerosis, cancer, and aging. The antioxidants by scavenging free radicals or deactivating active oxygen species diminish the oxidation processes in vivo. We have shown that in artificial liposomal membranes the green tea catechins ( )-epigallocatechin gallate (EGCG), ( )-epicatechin gallate (ECG), ( )-epigallocatechin (EGC) and ( )-epicatechin (EC) are strong antioxidants acting by scavenging free radicals and/or regenerating a-tocopherol, the most abundant in LDL lipophilic antioxidant (1). Also we have demonstrated that oral supplementation of the most distributed green tea catechin and one of the most powerful polyphenol antioxidants EGCG preserves the inner rat Abstract: Green tea catechins (TC) have anti-obesity effects on atherosclerosis-susceptible mice fed atherogenic diet, but the antioxidant effect of the catechins at these conditions is not studied. Our aim is to show that green tea catechins have a favorable effect on plasma and organs lipid peroxidation parameters. For the purpose we have fed atherosclerosis-susceptible mice HF (30 %) diet containing TC (0.5 %). We have measured body weight, food intake, ferric-reducing ability of plasma (FRAP), total cholesterol and a-tocopherol concentrations in plasma, and lipid hydroperoxides concentrations in liver and small intestine, and compared them with these in control group fed HF diet. Also we have measured ECG and EGCG concentrations in plasma, liver, and small intestine of the mice fed TC. Our results show that green tea catechins' feeding reduces the body weight without affecting the food intake. TC group FRAP values are significantly different from these in the control group at all investigated periods. a-Tocopherol plasma concentrations in TC group have greater values than these in the control group. TC group liver and small intestine lipid hydroperoxides concentrations are lower than these in HF group. In conclusion, our results show that green tea catechins' feeding leads to catechins accumulation in plasma, liver, and small intestine which causes anti-lipid peroxidation effects in atherosclerosissusceptible mice.
plasma a-tocopherol against ex vivo radical-initiated hydrophilic oxidation (2) .
It has been found that green tea catechins have antiobesity effects on mice fed an atherogenic diet, but the green tea catechins effect on the antioxidant status of the animals is not investigated (3) . The aim of the present work is to demonstrate the antioxidant action of green tea catechins on atherosclerosis-susceptible mice where the oxidative stress is caused by high-fat (HF) diet. For the purpose we have fed for 6 weeks C57BL/6J mice HF diet containing 0.5 % green tea catechins (TC) powder, and we have determined ECG, EGCG concentrations, and parameters showing lipid peroxidation in plasma, liver, and small intestine in comparison with the control group fed HF diet.
Experimental 1 Materials
Green tea catechins powder with a composition shown at Table 1 was supplied by Kao Corporation, Tokyo. ( )-Epicatechin gallate (ECG), ( )-epigallocatechin gallate (EGCG) E-4143, minimum 95%, bglucuronidase G-7896 Type X-A from E. Coli, and sulfatase S-9754 Type VIII from Abalone Entralis, were purchased from Sigma Chemical Co. (St. Louis, MO). Ascorbic acid, cumene hydroperoxides, and methanol were purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Acetonitrile, diethyl ether, ethyl acetate, and phosphoric acid were obtained from Kanto Chemical Co., Inc. (Tokyo, Japan). 2 2 Animals, Diets, and Experimental Protocol All experimental procedures were conducted in compliance with the Teikyo University's policy on animal care and use. The mice (n=36), C57BL/6J, male, 7 weeks old, were purchased from Charles River Japan, Inc. (Yokohama, Japan). They were housed in cages (n=9), divided into two groups fed high-fat (HF) diet and HF diet containing 0.5 % tea catechins (TC) with composition ( Table 2) according Meguro et al. (3) . The powdered diets were prepared by Oriental Yeast Co. (Tokyo, Japan). The food was changed every day and the food intake was measured. Mice body weight was measured every week. At 2 nd week a blood sample from the retro-orbital plexus of the animals was taken into heparinized tubes (Venoject ® II, Terumo ® Corporation, Tokyo, Japan). At 4 th and 6 th weeks the mice, n=9 in each group, were anesthetized with diethyl ether, and blood, liver, and small intestine were taken for analysis. The blood was centrifuged at 950 g for 10 min at 4 . Liver and small intestine were washed by cold physiological saline (0.9 % NaCl) and were stored at 80 . A volume of 40 mL (1000 units) of b-glucuronidase solution, and 40 mL (40 units) of sulfatase solution were added to 1 mL of tissue homogenate. The mixtures were incubated at 37 for 45 minutes. For ECG and EGCG quantification, control plasma and liver spiked with concentrations of ECG and EGCG of 1 mg each, and small intestine with 10 mg, were used for standardization. ECG and EGCG were determined by HPLC with an UV detector set at 280 nm and C-18 column (ODS-3, 4.6 150 mm, 5 mM, GL Sciences Inc., Tokyo, Japan) in two different independent measurements. The oven temperature was 30 . The mobile phase consisted of acetonitrile/ethyl acetate/0.05% phosphoric acid (12:0.6:90, vol/vol/vol) at a flow rate of 1 mL/min for the determination of EGCG, and of acetonitrile/ethyl acetate/0.05% phosphoric acid (12:0.6:45, vol/vol/vol) at a flow rate of 0.5 mL/min for the determination of ECG. The catechins extract with a volume of 50 mL for plasma and liver, and 20 mL for small intestine was injected onto the HPLC system.
3 Lipid Peroxidation Parameters Measurement in Plasma

5 Lipid Hydroperoxides (LOOH) Measurement in Liver and Small Intestine
The lipid hydroperoxides (LOOH) were extracted and determined according Tokumaru et al. (6) with some slight modifications. Liver and small intestine were homogenized by ultrasound in 4 volumes of 2 % ascorbic acid, 0.01 % Na 2 EDTA in 0.4 M sodium phosphate buffer (NaH 2 PO 4 .2H 2 O) with pH 6.8, final pH 3.7. A homogenate of 3 mL was subjected to analysis. The LOOH in tissues were determined comparing them with a standard curve of the conversion of 1-naphtyldiphenylphosphine (NDPP) in its oxide (NDPPO) by cumene hydroperoxides at the concentration range of 1 mM 1 mM. NDPP and NDPPO were detected by an HPLC system with an UV detector set at 280 nm, using an C-18 column (ODS-2, 4.6 150 mm, 5 mM, GL Sciences Inc., Tokyo, Japan), and a mobile phase of 85 % methanol at a flow rate of 0.8 mL/min.
6 Statistical Analysis
The results are expressed as Average SD. The data were analyzed by the use of standard statistical analysis Paired Student t test with one-tailed distribution to determine significant difference in comparison with the control group. The values for p<0.05 were considered significantly different.
Results and Discussion 1 Body Weight and Food Intake
The values of the mice body weight and food intake at every 2 weeks are compared at Table 3 . A significant difference between the tested and the control group is observed at 4 th week. Our results are consistent with literature data which show that green tea catechins feeding decreases body weight in mice (3, (7) (8) (9) , and in rats (10) (11) (12) . Possible mechanisms for suppressing body weight could be stimulation of the hepatic lipid metabolism, decreasing visceral and liver fat accumulation (3, 7), and subcutaneous, epididymal (8) , and intraperitoneal adipose tissues weights, an increase in brown adipose tissue thermogenesis through betaadrenoceptor activation (11) , inhibition of lipogenesis in the adipose tissues (12) . These favorable effects of the consumption of green tea catechins do not affect the food intake in mice as shown by our results ( 
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after feeding the mice HF diet 0.5 % TC. This difference could be explained by the systematic low bioavailability of catechins in rats compared to mice as stated by Kim et al. (14) . These authors have measured EGCG, ( )-epigallocatechin (EGC) and ( )-epicatechin (EC), but not ECG concentrations in plasma, lung and liver of female A/J mice which have consumed for 12 days 0.6 % green tea polyphenol preparation. They have used HPLC method with Coulochem electrod array detection which has not been appropriate for ECG detection. The authors have detected maximal EGCG concentrations in plasma and liver of about 1 mg/mL and 0.4 mg/mL respectively which are close to the found by us ( Table 4 ). If we assume that one mouse drinks 4 mL water/24 h, than the daily consumption of EGCG in their experiment could be estimated to be 14.16 mg/mouse/24 h versus 4.4 mg/mouse/24 h in our experiment. In small intestine we find EGCG concentrations equivalent to 53-60 nM/g comparable with these found by Lambert at al. (15) which administered intragastrically EGCG at the dose of 75 mg/kg body weight to male CF-1 mice. The EGCG concentrations in C57BL/6J mice are higher than these found in rats which administered orally EGCG at a dose of 150 mg/kg body weight (2) . The maximum concentrations reached in plasma, liver, and small intestine of rats were 0.38 mg/mL, 0.08 and 9.7 mg/g respectively. Possible reasons for this discrepancy could be the low systematic bioavailability of EGCG in rats as well as the catechins synergistic effect on EGCG absorption.
We have to emphasize that ECG concentrations found in plasma, liver and small intestine of mice are higher than the relative EGCG concentrations although the ECG content in green tea powder is lower than EGCG content ( Table 1) . This result is in agreement with our previous findings which showed that ECG is incorporated in membranes better than EGCG (1). In addition, ECG is more stable than EGCG against radical oxidation reactions (1).
Lipid Peroxidation Parameters in Plas-
ma of C57BL/6J Mice Fed HF Diet and HF Diet 0.5 % TC Consistent with the oxidation theory of atherosclerosis, LDL oxidative modifications could cause atherogenicity. Radical and non-radical reactions contribute to LDL oxidations (16) (17) (18) . Radical oxidants are lipid radicals, lipid peroxyl radicals, transition metals (Cu 2+ , Fe 3+ ), superoxide radical anion (O 2 ), hydroxyl radical (HO ), nitrogen monooxide (NO ), nitrogen dioxide (NO 2 ). Non-radical oxidants are the easily oxidizable unsaturated fatty acids in the cell membranes, lipid hydroperoxides, nitric oxide, hydrogen peroxide (H 2 O 2 ), hypochlorite (HOCl), peroxynitrite formed from the reaction of nitrogen monooxide (NO ) with superoxide radical anion (O 2 ). Major sources of oxidizing agents are the cells present in the subendothelial space (endothelial cells, smooth muscle cells, T-lymphocytes, and macrophages), enzymes like oxidases, peroxidases and lipooxygenases. The catechins exert antioxidant action by regenerating a-tocopherol and/or by direct radical scavenging (1). a-Tocopherol, the most abundant lipophilic antioxidant in LDL, inhibits the lipid peroxidation by reaction with the active oxygen species, thus forming a-tocopherol radical (a-TO ). Co-antioxidants like catechins which scavenge the atocopherol radical (a-TO ) and export it in the aqueous phase could prevent a-tocopherol consumption and the lipid peroxidation. Previously we have shown that catechins could act as co-antioxidants of a-tocopherol by regenerating its radical in liposomal model membrane (1) . The a-tocopherol was spared by catechins in hydrophilic and lipophilic radical oxidations of liposomes. After oral administration of EGCG a-tocopherol consumption in rat plasma was spared in an ex vivo oxidation reaction, which is an example of the coantioxidant action of EGCG absorbed in rat plasma. The direct peroxyl radicals scavenging by catechins is another possible mechanism of the catechins' antioxidant action in membranes (1) . ECG and EGCG show high peroxyl radical scavenging activity in unilamellar liposomal system determined by their ability to suppress lipid hydroperoxide accumulation. The parameter ferric-reducing ability of plasma (FRAP) is significantly increased (compared to the control group) at all investigated periods ( Table 5) . Also a-tocopherol in mice fed HF diet 0.5 % TC is preserved compared to mice fed HF diet ( Table 5 ). We could assume that the increase in the FRAP value is due to both the absorption of tea catechins in plasma (Table 4 ) and the increase of the a-tocopherol concentration. Tea catechins absorb in mice plasma, where they can effectively scavenge peroxyl radicals and/or regenerate a-tocopherol radical in atherosclerosis-susceptible mice fed an atherogenic diet. In confirmation of our results, an earlier work shows that the addition of tea catechins to high 
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palm and perilla oil diets prevents a-tocopherol concentration from decreasing in rat plasma (19) . Oral or intravenous dosing of GT epimer mixture (4000 mg/kg body weight) increases the total plasma antioxidant potential in rats by increasing the FRAP value (4).
In our study total cholesterol levels in plasma in TC group are decreased compared with the control group ( Table 5) . This is in accordance with previous data in mice (3, 20) or in rats (10, 12, 21) . The mechanism of cholesterol-reducing effect could be physicochemical, i.e. absorption of catechins in micelles and decreasing the micellar solubilization of cholesterol (21) 
HF Diet + 0.5 % TC 0.5 % TC by highly sensitive and specific method of the oxidation of 1-naphtyldiphenylphosphine (NDPP) in its oxide (NDPPO) detected by HPLC-UV method (6) . We have found that LOOH in liver and small intestine of atherosclerosis-susceptible mice fed HF diet containing TC are lower than these measured in control mice fed HF diet with significant difference at 6 week in small intestine ( Table 6 ). The greater values of ECG and EGCG concentrations in small intestine at 6 week compared to 4 week ( Table 4 ) and the ECG and EGCG antioxidant action could explain the significantly diminished LOOH concentrations. The accumulation of catechins in liver and small intestine improves the antioxidation status most probably by mechanism involving direct scavenging of lipid peroxyl radicals (1). Another possible mechanism described in the literature is the deactivation of the oxidative stress sensitive transcription factor NF-kB (22, 23) . For example, green tea extracts have blocked hepatic ischemia-reperfusion activation of the factor NF-kB (22) . Anticancer cell culture experiments have showed that concentrations of EGCG in small intestine IC 50 > 18 mM inhibited IkB kinase complex activity which mediates activation of the oxidative stress sensitive transcription factor NF-kB (23) .
Conclusions
Our study shows that green tea catechins' feeding has not only anti-obesity effects, but also improves the antioxidant status in plasma, liver and small intestine in atherosclerosis susceptible mice fed an atherogenic diet. FRAP and a-tocopherol values in plasma of mice fed TC increase, and lipid hydroperoxides concentrations in liver and small intestine decrease. We have determined ECG concentrations in plasma, liver and small intestine of mice, not reported previously. The EGCG concentrations measured by us are in accordance with other published results. Our study demonstrates that green tea catechins absorb in plasma and organs of mice, acting as radical scavengers and co-antioxidants of a-tocopherol thus inhibiting lipid peroxidation.
